We discuss an amazing prey-predator model with variable coefficients, analyze its predictions and the accuracy of the variational iteration method used to solve the nonlinear equations.
Introduction
There has recently been great interest in the application of several approximate procedures, like the homotopy perturbation method (HPM), the Adomian decomposition method (ADM), and the variation iteration method (VIM), to a variety of linear and nonlinear problems of interest in theoretical physics [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . In a series of papers I have shown that most of the results produced by those methods are useless, nonsensical, and worthless [16] [17] [18] . From now on I will refer to those variation and perturbation approaches as VAPA. The purpose of this communication is to analyze a recent application of the VIM to a model for the evolution of a prey-predator system [14] .
The model
Yusufoglu and Erbaş [14] have recently applied the VIM to a prey-predator model with variable coefficientṡ
According to the authors x(t) and y(t) represent the populations of rabbits and foxes, respectively. Instead of constants a, b, c, d for the growth rate of the prey, the efficiency of the predator's ability to capture the prey, the death rate of the predator, and the growth rate of the predator, the authors introduce functions of time [14] . The authors do not mention any physical, zoological or ecological reason for the substitution of functions for constants, and at first sight it seems arbitrary and unjustified.
In the first example Yusufoglu and Erbaş [14] choose a(t) = b(t) = −t, c(t) = d(t) = t, α = β = 2. In principle, there is no reason for this choice of timedependent coefficients, except that the equations can be solved exactly. The exact solutions for this model
predict that the population of rabbits always equals the foxes one and both tend to infinity as t approaches t c = √ 2 ln 2 from the left. The reader may think that this behaviour of the model is completely unrealistic because no population becomes infinity in the world we perceive. However, Yusufoglu and Erbaş [14] did not find it unreasonable, and for the time being we may assume that the planet is infinitely large and can accommodate infinite populations of rabbits and foxes. Or that it takes place in another world where such a curious behavior may be possible. It is more difficult to understand that when t > t c both populations jump to −∞ and then approach zero from below as t → ∞.
I am not smart enough to explain this behaviour of the extraterrestrial rabbits and foxes and therefore I have decided to describe it without further analysis.
Yusufoglu and Erbaş [14] applied the VIM and obtained increasingly accurate approximations x j (t) and y j (t) for j = 1, 2, 3; for example
We appreciate that this approximate solution does not exhibit the pole of the exact answer, and tends to zero as t → ∞. Yusufoglu and Erbaş [14] cleverly overcome this difficulty by comparing their approximate expression and the exact solution only within the interval of reasonable agreement. Besides, notice that the VIM corrects the curious behaviour of the extraterrestrial rabbits and foxes and makes them extinct after a sufficiently long time.
Naively, I tried Padé approximants and found that the simplest ones give much better results than the elaborated combinations of polynomials and exponentials of Yusufoglu and Erbaş [14] . The fact is that the t-power series expansion of the solution converges for all t < t c , and the Padé approximants constructed from it take into account the poles of the solution as zeros of the denominator [19] . First of all, notice the initial negative population of rabbits α = −4!! The exact solutions
show that the population of rabbits remains negative and tends to −∞ as t → (π/2) − , then it jumps to plus infinity and starts decreasing as t increases. On the other hand, the population of foxes tends to zero exponentially, probably due to the stress caused by the negative population of rabbits and their sudden emerging to real world.
Once again, Yusufoglu and Erbaş [14] apply VIM and obtain third-order ap-proximate populations. I beg the reader to have a look at the authors' Fig. 2 to appreciate the remarkable performance of the VIM. If that science overload does not exhaust the reader's mind, he/she may then compare the approximate expressions of Yusufoglu and Erbaş [14] with the naive Padé approximants
which are far simpler than the VIM solutions and give much better results.
For that reason they are unsuitable for publication.
Yusufoglu and Erbaş [14] also applied the VIM to models with constant coefficients. Those models are more realistic from a zoological point of view. However, the authors do not show their results and simply mention that they agree with those obtained by the HPM [1] . For example, case I is given by a = b = 1, [1, 14] . This model exhibits two stationary points:
a saddle point at (x s , y s ) = (0, 0) and a center at (x s , y s ) = (1/10, 1). The authors do not attempt to reproduce the overall picture of the model dynamics, which is what really matters [19] , and restrict themselves to a time interval about the origin because the VIM results will prove entirely useless otherwise.
In Fig. 1 we show the populations given by the expressions derived by Rafei et al [1] by means of the HPM and the exact (numerical) results. We clearly appreciate that both the VIM (Fig. 3 of Yusufoglu and Erbaş [14] ) and the HPM [1] are far from giving a reasonable picture of the behaviour of the prey and predator populations. The same conclusion holds for the other cases treated by Rafei et al [1] . However, if you restrict to the initial time when the animals begin to make acquaintances, then the VAPA results [1, 2, 14] are not too bad (see my earlier discussion of the subject [16] ). The fact that nobody in the field of population dynamics is interested in the initial evolution of the system has remained unnoticed in most VAPA applications [1, 2, 14] . 
